Objective: To describe the national trends in lung cancer incidence among young adults and the relationship to adolescent smoking. Methods: Between 1954 and 1998, a total of 1108 non-carcinoid lung cancers were reported to the Cancer Registry of Norway in individuals aged 20-44 years. Temporal variations were studied in age and sex specific rates, in ageadjusted rates, and by means of age-period-cohort modelling. The association between cancer incidence and smoking prevalence was evaluated. Results: The lung cancer incidence rate among women aged 40-44 in Norway continued to increase into the most recent time interval (1994)(1995)(1996)(1997)(1998) whereas the rate among men aged 40-44 was essentially constant after 1970. Consequently, lung cancer incidence rates converged among male and female young adults. Lung cancer incidence rates at age 40-44 were highly correlated with smoking prevalence at age 15-19 in males (r ¼ 0.88) and females (r ¼ 0.82) within the same birth cohort. Conclusions: The lung cancer incidence rate in young Norwegian women now equals that of men. The risk at age 40-44 was closely associated with teenage smoking, indicating that duration and age of onset are important.
Introduction
The dramatic changes in lung cancer incidence and mortality in the 20th century have been investigated extensively in people above 50 years of age, among whom this cancer form has become one of the most common world-wide. Although the disease is comparatively rare in young adults, temporal trends in the age group 20-44 may provide a forecast of changes in the rates when these groups reach a more mature and cancer-prone age [1] . Tobacco smoking has been shown to be by far the most important cause of lung cancer at the age above 50 [2] , and there is evidence of a strong impact even in young adults [3] . The cancer trends among young adults may therefore provide an early reflection of changes in tobacco smoking.
The aim of the present study was to evaluate the incidence trends at the population level among Norwegian adults between 20 and 44 years of age during the period 1954-1998, according to sex, age, birth cohort, and period of diagnosis. The relationship to tobacco smoking was evaluated with aggregated data, with a focus on differences between birth cohorts. Historical information on smoking prevalence for these cohorts could be extrapolated from survey data beginning in 1954 [4] .
Methods
The Cancer Registry of Norway is a population-based registry with virtually complete national data on all new q This study was performed at the Cancer Registry of Norway with financial support from the Nordic Cancer Union and the Norwegian Cancer Society.
cases of cancer since 1953 [5] . Reporting of incident cases is compulsory from clinical hospital departments and pathology laboratories.
Every year in the observation period from 1954 to 1998, the Norwegian population counted between 590 and 820 thousand individuals of each sex in the age group 20-44. On this basis of more than 60 million person-years, a total of 1235 cases of lung cancer (ICD-7 location code 162) were reported to the Cancer Registry, 761 men and 474 women. We chose to exclude 127 cases of carcinoid tumours from the analyses, mainly because these tumours have a less aggressive growth pattern, which makes the incidence rates susceptible to bias caused by gradual improvements in the diagnostic procedures. Furthermore, the carcinoid tumours are much more evenly distributed according to age than the other lung cancers (data from the Cancer Registry), and consequently they would tend to mask some of the variation that was of special interest for our study. We were left with 1108 non-carcinoid tumours, 701 in men and 407 in women. The cases were grouped according to 5-year age bands and 5-year observation periods. The low number of cases in the three youngest age bands made us collapse these into one (20-34 years). The distribution of cases according to sex, age, and period of observation is shown in Table 1 .
Incidence rates were computed with data from the Central Population Register. Time trends for agespecific rates were displayed in graphs with 95% confidence intervals [6, 7] . The yearly rates for the whole age group 20-44 were age-adjusted according to the world standard population, displayed in a scatter plot, and smoothed by a locally weighted least-squares curve-fitting method (loess). A span of 0.3 was chosen for the smoothing procedure, which means that for each data point to be fitted, the nearest 30% of all observations were used. The loess regressions were prepared by the S-PLUS statistical package [8] .
Statistical analysis
Before introducing the birth cohort approach, we wanted to explore the age, period, and cohort effects in an age-period-cohort (APC) modelling, based on the Poisson distribution. Due to the low number of cases, the data were organised in the same 3 age bands as described above (20-34, 35-39, 40-44), 11 5-year nonoverlapping birth cohorts (1910-1914, …, 1960-1964) , and 9 synthetic (partly overlapping) diagnostic periods. A total of 1054 cases were used for the APC modelling. Estimation and testing were carried out with the statistical program Stata [9] .
The model fit was evaluated in terms of deviance and compared with nested models using the chi-square distribution (likelihood-ratio test). When the deviance was close to the degrees of freedom of the model, the fit was considered adequate. A statistical significance level of 0.05 was chosen.
Smoking habits
Data on smoking habits according to birth cohort were obtained from a study by Rønneberg and co-workers based on annual or biannual surveys of smoking habits from 1954 to 1992, performed in large and representative samples of the population, as well as individual lifetime smoking histories collected in 1965 in a representative sample of people born between 1893 and 1927 [4] . These data were supplemented with results from yearly surveys performed by Statistics Norway for the Norwegian Council on Tobacco and Health, covering the last 16 years. Access to unpublished data on the prevalence of pipe smoking and combined pipe and cigarette smoking, which mainly involved men in the oldest birth cohorts, was provided by Tor Haldorsen at the Cancer Registry of Norway. Period of diagnosis 1954-1958 1959-1963 1964-1968 1969-1973 1974-1978 1979-1983 1984-1988 1989-1993 1994-1998 1954-1998 Since lung cancer is more weakly associated with pipe smoking than with cigarette smoking, possibly due to a lower consumption of tobacco [10] [11] [12] [13] , we decided to take only cigarette smoking into consideration. We estimated the number of daily cigarette smokers as the sum of smokers of cigarettes only and half the number of combined smokers of pipe and cigarettes, considering smokers of pipe only as non-smokers for the purpose of this study. The cancer rates at age 40-44 and the smoking prevalence at different ages within the respective birth cohorts were inspected in graphs and evaluated by correlation analysis.
Results
In men, an increase in the age-specific incidence rate of lung cancer was found in the oldest age group (40-44 years) until 1970, with a levelling off during the last three decades (Table 2, Figure 1 ). In women, the oldest age group (40-44 years) showed a pronounced increase throughout the whole observation period. A less marked rise was seen among women aged 35-39 until 1980. For the most recent 5-year period, the rates for the two oldest age groups were equally high in men and women.
The yearly age-adjusted rates were unstable, but the smoothed curves suggested a downward trend in men during the last eight years, barely intercepting the rising trend in women in the last year of observation ( Figure 2) .
In men, the full APC model did not provide any significantly better fit (deviance ¼ 11.0, degrees of freedom (df) ¼ 7) than the age-period or age-cohort models. Although the latter two models cannot be compared formally, a highly adequate fit was suggested for the age-cohort submodel (deviance ¼ 14.6, df ¼ 14), as opposed to that of the age-period submodel (deviance ¼ 23.5, df ¼ 16), suggesting a more important contribution from the cohort than from the period parameter. In women, the full APC model provided a significantly better fit (deviance ¼ 5.6, df ¼ 7) than the age-period or the age-cohort models (deviance ¼ 23.6, df ¼ 16; and deviance ¼ 20.9, df ¼ 14, respectively).
The proportion of cigarette smokers at age 40-44 was in the range 36-50% for men, and 30-39% for women, with a slightly declining trend in men and a more stable one in women. Among teenagers (aged [15] [16] [17] [18] [19] , there was a rise in smoking prevalence, particularly marked among women. The proportions of smokers at age 40-44 and 15-19 were plotted for each birth cohort together with the rates of lung cancer at age 40-44 (Figure 3) . Judged by inspection, an association was suggested between the two latter variables, while cancer and smoking at the same age appeared much less correlated. In the analyses, the lung cancer rates at age 40-44 were highly correlated to the teenage smoking prevalence within the corresponding cohorts, with a Pearson correlation coefficient r of 0.88 and 0.82 for men and women, respectively. Similar correlations were found when the cancer rates were compared to smoking prevalence in the early twenties (20-24 years) with coefficients of 0.81 and 0.87 in men and women, respectively, p < 0.01 for all r-values.
Discussion
The incidence rate of lung cancer in Norwegian adults under the age of 45 increased from the 1950s, with a levelling off in men around 1970, and a sustained rise in women throughout the study period. The rate in females caught up with that of males in the second half of the 1990s. Cohort specific factors appeared to be important, and a high correlation was found between the cancer incidence at age 40-44 and the smoking prevalence when the same individuals were in their teens or early twenties.
The rise of the lung cancer trends started much later in Norway than in UK and the USA; and the problem with underdiagnosis, which was imminent during the first decades of the century, was probably less disturbing after 1950. The smoking data were based on representative and large samples of the population with information collected through standardised telephone interviews or questionnaires [4] .
Compared with studies in older age groups, our APC modelling was hampered by a low number of cases and only three age-bands of observation for each cohort. Still it was possible to recognise a pattern with an important contribution from the cohort parameter, and to obtain a quite satisfactory fit from the age-cohort models. The data suggested that the proportion of smokers who began early in life was predictive of the lung cancer risk in young adulthood.
Correlation analysis represent a simple way of describing the association between cancer and the proportion of teenage smokers, but the inferences that can be made from such an ecological study are limited. The relationship between smoking and lung cancer has been described in a large number of cohort and casecontrol studies, and in 1982, Day and Charnay suggested that lung cancer incidence may reflect the number of cigarettes that a cohort becomes addicted to early in life [14] . Such a pattern was recently recognised in a German study when lung cancer at all ages was included [15] .
Case-control studies from Europe have identified smoking as an important risk factor for lung cancer in young adults [3, 16] , and indications of the same have been reported from trend studies in the USA [17] . For older adults, the duration of the smoking habits has been suggested as a strong predictor of risk [18] , a pattern even recognised in studies at an aggregated level [19] . In adults under the age of 45, one of the casecontrol studies estimated a fourfold elevated risk among individuals with less than 20 years of smoking compared to never smokers [3] , implying a rather rapid rise in risk. Our data suggested that the proportion of smokers at the time of diagnosis was irrelevant unless a large proportion of these smokers had stuck to the habit for a period of time. The correlation analyses allowed for at least 15 years of smoking before the tumours were observed.
This interpretation does, however, depend upon the assumption that the teenage smokers were the same people as those who were smoking in their forties. Indeed, the tendency among smokers to continue their habit is well documented, as are the addictive properties of nicotine. These characteristics have made it possible to conduct meaningful prospective epidemiological lung cancer studies even on the basis of single cross-sectional smoking surveys [11] .
The average amount of tobacco consumed by Norwegian smokers has been increasing from about 8.5 g per day in men and 6 g per day in women in the period 1930-1950, until the year 1985 when 15 and 12 g per day were smoked by men and women, respectively [4] . The rise in consumption may therefore explain part of the lung cancer trends. Whether or not there is an additional separate effect from age at onset of smoking early in life, independent of duration, has been a topic for discussion [20, 21] . A separate effect may exist [22] , but it is probably not of the same order of magnitude as that of duration.
We disregarded pipe smoking, which may have had a minor effect on the risk in the oldest male cohorts. The consumption of other types of tobacco has been negligible, especially in women. We find it reasonable to conclude that duration of smoking, remained the strongest candidate to explain the changes in rates during the study period, with as much as a sevenfold rise among 40-to 44-year-old women. 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 Year of diagnosis The yearly rates were age-adjusted according to the world standard population and displayed in a scatter plot (circles), and subsequently smoothed (lines) by a locally weighted least-squares curve-fitting method (loess). The weighting of the regression was based on a span of 0.3, i.e. a proportion of 30% of all the observations (those lying closest to the data point to be fitted).
Occupational exposures have been shown to be important for lung cancer risk in men younger than 46 years [3] . In our study, we had no access to information on occupational histories, but the effect from workplace exposures was considered negligible in women [23] . The observed low rates in females during the 1950s and early 1960s may therefore be regarded as a baseline occurrence of lung cancer, minimally affected by smoking and occupation, and illustrating the potential for prevention in young adulthood, even among men.
The sex ratio of lung cancer mortality in adults below age 45 has been reported to be close to one in Norway, Denmark, Sweden, and the Netherlands [24] . In Sweden, lung cancer mortality in young women passed that of men during the 1990s [25] . In Tasmania, the incidence rate has been reported to be at the same level among young females and males [26, 27] . Norwegian 5-year mortality data from Statistics Norway were recently evaluated, and the lung cancer rate among women passed that of men [28] . This finding was, however, based on the most recent 2-year observation period, and may turn out to be a random fluctuation.
The Norwegian population is rather small with its 4.5 million by January 2002, but the completeness of the data and the ethnic homogeneity strengthen our study. Since the early 1960s the unique 11 digit personal identity numbers have secured a high quality of the population register and facilitated cancer registration.
The exclusion of carcinoid tumours, which constituted 10% of all lung tumours in 20-to 44-year-olds, probably enhanced the demonstration of an association between smoking and lung cancer. The age distribution of this tumour form, found in the registry data, suggested that the carcinoid tumours do not have the same close relation to smoking habits as do other lung tumours.
Conclusions
The time trends in lung cancer incidence at young age belong to a full description of this man-made epidemic and have particular relevance for prevention purposes. During the last 45 years, there has been an alarming rise in the lung cancer rate among Norwegian females under 45, continuing through the 1990s. The rate now equals that of men, and in the absence of marked changes in smoking habits one would expect an equally high rate in both sexes even at an older and more cancer-prone age.
The finding of a high correlation between lung cancer incidence at age 40-44 and the proportion of smokers when these people were in their teens is in agreement with earlier findings that duration of smoking, and hence the age at onset, is important.
